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Intrinsic Charm?

Standard PDF Paradigm:

Å Light partons: ὒ ὫȟόȟόȟὨȟӶὨȟίȟӶί: ά ḺρὋὩὠ: nonpert: fit PDFs

Å (ÅÁÖÙpartons:Ὄ ὧȟӶὧȟὦȟὦȟὸȟӶὸ : ά ḻρὋὩὠ: generated in pert QCD

But ά ḗρȢυὋὩὠ: 

nonperturbative(óintrinsicô) charm?

BHPSPLB93B (1980) 451

Brodsky et al: arXiv:1504.06287

Test empirically:  

fit an unbiased charm PDF!

(in a global PDF fit, e.g. NNPDF)

Technical hitch: 

VFNS: 
ὗḐά:thresholdeffects,needmassdependence

ὗḻά:largeÌÎὗȾά ;needtoresum(DGLAP)

Prescriptions: ACOT , BMSN, TR, FONLL , CSN, S-ACOT , 42, FNMR,é.  

Need to incorporate a fitted charm PDF



VFNS for IC

RDB, Bonvini, Rottoli: JHEP 1511 (2015) 122 (arxiv:1510.02491)

RDB, Bertone, Bonvini, Forte, Groth-Merrild, Rojo, Rottoli: 

Phys Lett B754 (2016) 49 (arXiv:1510.00009)



Factorization (DIS)

Notation: PDFs Ὢ, ὴ ὰȟὬ, ὰ ὫȟόȟόȟὨȟӶὨȟίȟί, Ὤ ὧȟӶὧ, ignore ὦȟὦȟὸȟӶὸ

Å ὓὛor Massless Factorization : 4FS

Ὂ ὗ ὅ πȟ‌ ὗ ṧὪ ὗ Ὢ ὗ ɜ ὗȟὗ ṧὪ ὗ

no large logs resumsÌÎὗ (DGLAP)

Å Massive or Decoupling or FFN Factorization : 3FS

Ὂ ὗ ὅ ȟ‌ ή ṧὪ ὗ Ὢ ὗ ɜ ὗȟὗ ṧὪ ὗ

large logs ÌÎὗȾά resumslight ÌÎὗ (DGLAP)

Å Matching: 

Ὢ ὗ ὑ ȟ‌ ὗ ṧὪ ὗ

large logs ÌÎὗȾά

Å Consistency: 

ὅ πȟ‌ ÌÉÍ
ᴼ
ὅ ȟ‌ ή ṧὑ ȟ‌ ὗ

no large logs large logs removeslarge logs!

CWZ PRD18 (1978) 242: 

Collins PRD58 (1998) 094002

CFP NPB175 (1980) 27

ὑ ρ ‌ὯÌÎ
ὗ

ά
Ễ



The VFNS

Å Combine the 3FS with the 4FS:

ὅ άȟ‌ ṧὪ ὅ άȟ‌ ṧὑ άȟ‌ ṧὪ ḳὅ άȟ‌ ṧὪ

no large logs!

ὅ άȟ‌ ÈÁÓÃÏÒÒÅÃÔÂÅÈÁÖÉÏÕÒÎÅÁÒÔÈÒÅÓÈÏÌÄȟÂÕÔÎÏÌÁÒÇÅÌÏÇÓȡÌÉÍ
ᴼ
ὅ ά ὅ π

Å ὗḐά ḊὊ Ὂ Ὂ Ὂ
ȟ

subleading

Å ὗḻά ḊὊ Ὂ Ὂ Ὂ
ȟ

]                power suppressed

&/.,, ḳ !#/4 ḳ 6&.3

large logs removeslarge logslarge logs

ACOT PRD50 (1994) 3102

Å FONLL prescription:

Ὂ Ὂ Ὂ Ὂ
ȟ

CGN hep-ph/9803400

BMSN hep-ph/9612398

Ὂ
ȟ

ὅ
ȟ
άȟ‌ ṧὪ removes the double counting: 

ὅ
ȟ
άȟ‌ ͼÌÉÍ

ᴼ
ὅ άȟ‌ ͼḳὅ πṧὑ ά

Ὂ ὅ άȟ‌ ṧὑ άȟ‌ ὅ πȟ‌ ὅ
ȟ
άȟ‌ ṧὑ άȟ‌ ṧὪ

order by order in 

pertbnth



Perturbative Charm: the S-VFNS

Å Constraint: no óIntrinsicô Charm

Ὢ is scale independent : setὪ ὪӶ π

#ÈÁÒÍÉÓÔÈÅÎÅÎÔÉÒÅÌÙÐÅÒÔÕÒÂÁÔÉÖÅ:

Ὢ ὑ άȟ‌ ṧὪ Ὢ ὑ άȟ‌ ṧὪ

&,.2 ḳ 3-!#/4 ḳ 3-VFNS

light  

KOS hep-ph/0003035

Ὂ Ὂ ɝὊ

ɝὊ ὅ άȟ‌ ὅ πȟ‌ ṧ Ὢ ὑ άȟ‌ ṧὑ άȟ‌ ṧὪ

Then Ὂ ὅ άȟ‌ ṧὪ ὅ άȟ‌ ṧὑ άȟ‌ ṧὪ ȟÓÏÕÓÉÎÇ&/.,,

Ὂ ὅ άȟ‌ ὅ
ȟ
άȟ‌ ṧὑ άȟ‌ ὅ πȟ‌ ṧὪ ὅ πȟ‌ ṧὪ

heavy, but ά π

Treat all incoming heavy quark lines as massless

Vanishes if incoming heavy 

quark lines massless

Vanishes if charm is entirely perturbative

(cf matching)

Å TheIntrinsic Charm correction

FLNR arXiv:1001:2312



Sample Diagrams

VFNS

S-VFNS



VFNS vs S-VFNS

Å if we believe that Ὢ π(óno ICô):use S-VFNS (exact, order by order)

Å if we believe that  Ὢ Ḑὕρ(ólarge ICô): use VFNS (exact, order by order)

Å if we believe that Ὢ Ḑὕ (ósmall ICô):then

ɝὊḐὕ
ά

ὗ
ὕ
ɤ

ά
Ḑὕ

ɤ

ὗ

ɝὊis a small computable power corrn(cf TMC):

S-VFNS is a good approximation: but VFNS is better

With unbiased fitted charm, thus VFNS, need 

3FS diagrams with incoming massive quark:

Hoffmann & Moore: Z Phys C20(1983)71 

Kretzer& Schienbein: hep-ph/9805233



Fitted Charm

NNPDF: RDB, Bertone, Bonvini, Carrazza, Forte, 

Guffanti, Hartland, Rojo, Rottoli: arXiv:1605.06515

Use NNPDF3.0: NLO VFNS: fitted Ὣȟό όȟὨ ӶὨȟί Ӷίȟὧ Ӷὧ
296 free parameters, 3866 data pts

‌ ά πȢρρψȟ ά ὴέὰὩρȢτχGeV     (PDG)



FT

HERA

LHC

Tevatron

Cuts



Å EMC Ὂ (J. J. Aubert et al., Nucl. Phys. B213 (1983) 31): difficult? ïnot included in most fits

Å HERA Ὂ (H. Abramowiczet al., Eur.Phys.J. C73 (2013) 2311): easy? ïalready in NNPDF3.0

Are these data even mutually compatible?

Cut



NNPDF3IC vs NNPDF3.0

Ὂ

EMC errors 

5 times too 
small?!

EMC Ὂ data fine - provided charm is fitted!

Fitting reduces 

… by 66pts





Strong evidence for fitted charm 



Light partons: essentially unchanged

New shape, larger uncertainties

Bump at 

large x

Reduced 

at small x

g

u

ӶὨCharm momentum fraction: 

ὧ Ӷὧ

ὍὅḐπȢυ πȢσϷ

Perturbative vs Fitted Charm


